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Abstract: This study investigated the phenological phases of plant thorough monitoring the phenology of plants
between October 15, 2009 and November 20, 2012. The phenological phases were observed at wind-holes at
Yeotan-ri in Jeongseon-eup and Unchi-ri in Sindong-eup, Gangwon-do, with regard to vegetative bud burst, leaf out
flowering, autumn leaves, and fallen leaves. The vegetative bud burst of Prunus choreiana H. T. Im was initiated on
April 2, 2010 and it was bursted on April 16 in 2011 and April 19 in 2012. Its leaf out was started on April 23 (2010),
May 11 (2011), and April 24 (2012). The autumn leaves was started to be observed on September 5 in 2012. The
leaves began to fall on September 20 in 2012. The vegetative bud burst of Forsythia saxatilis (Nakai) was initiated on
the same date as Prunus choreiana H. T. Im. The leaf development was observed on April 23 in 2010. In 2011,
however, it was observed six days later (April 29) than the previous year. Moreover, it began to change into autumn
leaves on October 22 in 2010. The autumn leaves began to fall on November 18 in the same year. No autumn
leaves were observed in 2011, but they began to fall on November 8. Additionally, it began to change to autumn
leaves on September 20 in 2012 and to fall on October 22. Given that the phenological monitoring of plants in wind-
holes of the research sites is consistently conducted in the long term, the difference of phenology of plants in wind-
holes for climate changes can be apparently determined.
Keywords: Wind-Hole, Phenology, Flowering, Leaf out, Fallen leaves
Introduction
The global warming resulting from climate change have
brought about changes in diverse vegetative distribution
and growth. It has been estimated that these changes might
make changes over to the structure and function of ecosystem
(Berry and Björkman, 1980, Idso et al., 1987, Root et al.,
2003, Walther et al., 2003, Bell et al., 2010). The global air
temperature is estimated to be increasing for the future
(IPCC, 2007).
The substantial changes regarding the vegetation for global
warming is phenological changes, which significantly
affect the circulation of ecosystem due to the influences
from bottom-up/top-down or stepwise nutritional phases
(Ostfeld and Keesing, 2000; Koening and Knops, 2005;
Yang et al., 2010). As such phenological changes can be
easily recognized, these information has been used as the
most effective criterion for the evaluation of phenology
(Sagarin and Micheli, 2001; Whitfield, 2001; Donnelly et
al., 2004). In addition, the phenological trends can be
identified through the longitudinal observation of the local
differences in phenology, such as the germination and
flowering of plants (Lee et al., 2009).
The phenology has been continuously observed and
studied in foreign countries (Walkovszlky, 1998; Ahas et
al., 2000; Sparks et al., 2000; Keatley et al., 2002; Lu et al.,
2006; Aono and Kazui, 2008; Cook et al., 2008). In Japan,
the flowering of cherry tree blossom had been recorded
since 1401. Since 1830, the flowering date has become
earlier (Primack and Higuchi, 2007). Also, other phenological
changes regarding the phase of leaf out and autumn leaf of
cherry tree blossom have been observed since 1953 (Ibanez
et al., 2010). Kew Gardens in Britain has investigated the
flowering phase of plants since 1980, reporting that the
flowering date became earlier by 8~19 days in average
(Dugan, 2008). As in Europe, International Phenological
Gardens (IPG) has been organized for years to manage the
long-term accumulated research data in an effective way
(Menzel, 2000). In the US, the phenology of plants such as
vegetative bud burst has been monitored. The recent results
can be found through the network (http://www.usanpn.org/).
More recently, the phenological study regarding the phase
of leaf out has been newly conducted. The study calculates
NDVI (the Normalized Difference Vegetation Index) and
analyzes the leaf development phases by extracting the
waves from artificial satellite (Pettorelli et al., 2005).
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Even in Korea, the phenology of plants has been conducted.
The research reported that the temperature of Seoul in the
1990s increased by 1.0~1.5 on annual average, compared to
the temperature in the 1960s and 1970s. For 40 years from
1961 to 2000, the flowering dates has become earlier by 10
days (Forsythia koreana), 5~8 days (Prunus yedoensis and
Prunus persica), and 3 days (Robinia pseudoacacia). As
the temperature in winter increases by every 1, the flowering
date for every plant is estimated to be earlier by up to 10
days (Lee and Ho 2003). Im and Jo (1977) and Im et al.
(1983) found that the cumulative temperature and latitude
affect the flowering date for plants. Kim and You (1985)
investigated the flowering and leaf development date for
Rhododendron mucronulatum and Rhododendron schlippenbach
according to the altitude and aspects of Gwanaksan.
Moreover, several researches focused on the temporal and
spatial changes in flowering date of cherry tree blossom for
climate change (Lee and Lee, 2003; Yun 2006, Ho et al.,
2006). Additionally, Lim and Shin (2004) investigated the
leaf development date in certain areas, reporting that there
has been close relationship between the increase of
temperature and the extent of leaf out.
Wind-holes are refugia for the surviving plants which
now moved toward the north or mountaintops after the
competition with other plants due to the increase of
temperature (Kong, 2002; Kim, 2006). The wind-holes are
openings, rock cracks, or small natural caves, which can be
found at landform with deposits of large and small debris,
such as talus, block field, and block stream. Because of
micrometeorological phenomena, cold wind in summer and
warm wind in winter come throughout the holes (Jeon,
2001; Jeon, 2002; Kong, 2011). However, the risk of losing
the original form of wind-holes and ecosystem could be
increased due to the unawareness of significance of plants
in wind-holes. Thus, this study monitored inhabiting plants
in wind-holes at Yeotan-ri and Unchi-ri in Jeongeon-gun,
Gangwon-do to measure and analyze the temperature
influencing the phenology of plants. Furthermore, this study
aims to provide fundamental data for the conservation of
plants in wind-holes.
Research Method
Research site summary
Yeotan-ri wind-holes are located at Yeotan-ri, Jeongeon-
eub, Jeongeon-gun, Gangwon-do. The wind-holes are the
areas adjoining the tributary streams of Dongdaecheon and
the foot of mountain, locating at an altitude of 392 m and at
37o21'56.3'' longitude and 128o43'22.6'' latitude (Fig. 1).
The research site was the lower part of the northern slope.
The surrounding mountains stretched out toward the east
and west, connecting the steep slope areas at an altitude of
500~800 m (Korea Forest Service · Korea National Arboretum,
2012).
The Unchi-ri wind-holes, which are located at Unchi-ri,
Sindong-eub, Jeongeon-gun, Gangwon-do, are close to Dong-
gang. Mt. Baegunsan (882.5 m) is located at the northwest
of Eoreumgol. The southwestern area is highlands (724.1
m) and the eastern part is Gombong (1,014.9 m). Also,
highlands (754.2 m) are located in the north (Jeon, 2002).
Geographically, they are located at 37o15'49.9'' latitude and
128o37'07.2'' longitude. The nearby mountains stretched
out from the east to the west, of which ridges are composed
of small or large mountaintops with an altitude of 500~
900 m.
Fig. 1. A map showing the study sites. A: Yeotan-ri, B: Unchi-ri
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Monitoring method
The monitoring was conducted to the plant species
inhabiting the wind-holes at Yeotan-ri and Unchi-ri (Table
1). In general, the survey was carried out once a week
between June, 2009 and December, 2012. In July and
August, the survey was conducted biweekly. The plant
phenology was investigated initially for the threatened
plants for climate change (Korea Forest Service, 2010). For
consistent observation, identification labels were attached
to the plants showing normal growth in each research site.
Taking the phenology of the plants and the accessibility of
research sites into account, this study investigated the
phases of leaf development, flowering, fruits, autumn leaves,
and fallen leaves. The evaluation criteria for each phase
was based on Manual of conservation project of threatened
plants for climate change (Korea Forest Service·Korea
National Arboretum, 2010).
The target species of Yeotan-ri wind-holes for this study
were five species including F. saxatilis and P. choreiana
(the special categories of species for conservation of
mountains: V Class) and eight species in Unchi-ri Eoreumgol.
13 individuals of 13 taxa in total were surveyed.
Climate change
For the meteorological measurement, the microclimate
equipment (e.g., temperature-humidity HOBO, U23-001)
was installed at the places where the monitored target plants
were distributed. The data collection was conducted from
August 1, 2009 to December 31, 2012 (Table 2). In order to
explain the relationship between temperature and phenology
of plants, the temperature measured from each research site
was analyzed by its average for 10 days. This results are
presented in the appendix.
With regard to the annual changes of temperature in
Yeotan-ri wind-holes, the average temperature between
January and October, 2011 was recorded to be lower than
that of 2010. However, the temperature recorded in
November was 5 higher than before. In 2012, the
temperature was 5 higher in January, compared to that of
2011, whereas the temperature in November was 4 lower.
Compared to the temperature in 2010, Unchi-ri’s average
temperature was relatively low between January and March
and between May and October in 2011, whereas the
temperature was 4 higher in November. The results might
result from the fact that the analysis period of meteorological
Table 1. The list of the plant species in the investigated areas
Site No Family Name Scientific Name Korean Name
Yeotan-ri
1 Saxifragaceae Ribes komarovi Pojark. 꼬리까치밥나무
2 Rosaceae Prunus choreiana H. T. Im 복사앵도나무
3 Leguminosae Caragana koreana Nakai 참골담초
4 Oleaceae Forsythia saxatilis (Nakai) Nakai 산개나리
5 Oleaceae Syringa patula var. kamibayshii (Nakai) K.Kim 정향나무
Unchi-ri
6 Salicaceae Salix caprea L. 호랑버들
7 Betulaceae Betula schmidtii Regel 박달나무
8 Ulmaceae Celtis aurantiaca Nakai 산팽나무
9 Ulmaceae Ulmus macrocarpa Hance 왕느릅나무
10 Saxifragaceae Deutzia grandiflora var. baroniana Diels 바위말발도리
11 Rosaceae Spiraea chinensis Maxim. 당조팝나무
12 Ericaceae Rhododendron mucronulatum Turcz. 진달래
13 Caprifoliaceae Lonicera praeflorens Batalin 올괴불나무
Table 2. Monthly mean temperature (oC) in Yeotan-ri and Unchi-ri from 2009 to 2012 (Unit: oC)
Month
Yeotan-ri Unchi-ri
2009 2010 2011 2012 2009 2010 2011 2012
Jan. - -8.26 -12.16 -6.83 - -5.49 -8.88 -7.16
Feb. - -1.36 -3.90 -5.98 - 0.09 -0.91 -2.07
Mar. - 3.24 0.87 1.90 - 3.32 1.99 2.51
Apr. - 8.60 8.25 9.10 - 8.77 8.72 8.20
May - 16.10 15.11 14.15 - 15.54 14.75 -
June - 21.57 19.73 19.16 - 19.97 18.60 18.71
July - 23.59 22.03 22.17 - 22.06 21.58 21.25
Aug. 18.69 24.15 23.06 22.73 - 23.04 21.65 21.98
Sep. 17.19 17.77 16.97 15.97 16.28 17.75 16.81 16.24
Oct. 10.15 10.32 8.84 8.93 11.66 11.23 10.14 10.52
Nov. 3.60 0.55 5.19 1.14 5.17 3.45 7.05 2.66
Dec. -3.60 -4.57 -4.94 -7.90 -1.85 -2.68 - -6.02
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data was made through November 18. For this reason, the
monthly average temperature in 2011 was recorded to be
lower than that in 2010. The temperature in November,
2012 was 4 lower than that in 2011. The temperature was
high in January, February, November, and December,
whereas the other months showed low temperature to be
0.3~1.1.
Result
The phase of vegetative bud burst and leaf out
In 2011, the flower bud of Caragana koreana and Deutzia
grandiflora var. baroniana was bursted 7 days earlier than
in 2010, whereas other flower buds of plants including
Ribes komarovi, Prunus choreiana, Forsythia saxatilis,
Syringa patula var. kamibayshii, Ulmus macrocarpa, Celtis
aurantiaca, Spiraea chinensis, R. mucronulatum, and
Lonicera praeflorens were bursted 6~29 days later. The
temperatures for vegetative bud burst phases for R.
komarovi, P. choreiana, F. saxatilis, S. patula var.
kamibayshii, R. mucronulatum in 2011 (e.g., January 3.9,
February 2.54, and March 2.38) were lower than those in
2010. This indicates that the phases of bud burst become
late due to the low temperature. The plants such as R.
komarovi, S. patula var. kamibayshii showed that their
phases of vegetative bud burst were started earlier because
the average temperature for 10 days at the end of March in
2012 was higher than that of previous years (i.e., 0.4 in
2010, 1.9 in 2011).
In Yeotan-ri, the buds of S. patula var. kamibayshii and
R. komarovi were bursted on April 4, 2012, which indicates
the similar result in 2010. Compared to the phase in 2011,
the bud burst was started 4 days earlier. In Unchi-ri, the
vegetative bud burst in 2011 was initiated 6~29 days later
than other years. The result in 2012 showed that U.
macrocarpa, Betula schmidtii, and S. chinensis were started
their bud burst 4~19 days earlier, whereas Salix caprea, R.
mucronulatum, and D. grandiflora var. baroniana initiated
the bud burst 3~11 days later.
In Yeotan-ri, the leaf out phases in 2011 showed that C.
koreana, S. patula var. kamibayshii, and R. komarovi were
7~18 days earlier, whereas P. choreiana, and F. saxatilis
were 6~18 days later. In 2012, C. koreana and R. komarovi
indicate the similar phase of leaf out in 2011. However, the
phases of leaf out of S. patula var. kamibayshii and P.
choreiana were 7~17 days earlier. R. komarovi, P. choreiana,
F. saxatilis, of which leaf out was the same in 2010, showed
different phases of leaf out in 2011. The leaf out phase for
R. komarovi became to be earlier due to the drastic change
of the average temperature for 10 days at the end of March
in 2011 (e.g., 1.8 to 7.2). The leaf out phases in 2011 for P.
choreiana and F. saxatilis were started later than that in
2010 because the temperature in 2011 was not warm
enough for leaf out. The average temperature for 10 days in
2011 during the phase of leaf out was 8.5, which indicates
the similar temperature in 2010 (e.g.. 8.9). In 2012, similar
trends were observed, compared to the temperatures in
2010. This results from the fact that there was no low-
temperature phenomenon at the end of March.
The leaf out phases for Unchi-ri in 2011 showed that R.
mucronulatum, S. caprea, and L. praeflorens were 3~6 days
later, whereas B. schmidtii, D. grandiflora var. baroniana
were started their leaf out 6~15 days earlier, compared to
the phases in 2010. In 2012, the leaf out for C. aurantiaca,
U. macrocarpa, and R. mucronulatum was started 4~19
days earlier, and other species showed the similar leaf out
phases to those in 2011 (Table 3).
Autumn leaves and fallen leaves
The phase of >90% autumn leaves in Yeotan-ri showed that
P. choreiana was observed the earliest on September 5,
followed by R. komarovi and F. saxatilis on September 20,
Table 3. Phenological monitoring results of vegetative bud burst and leaf out from 2009 to 2012 (Unit: month/day)
Site Species
Date of vegetative bud burst Date of leaf out
2010 2011 2012 2010 2011 2012
Yeotan-ri
Ribes komarovi 4/02 4/08(+6) 4/04(-4) 4/23 4/16(-7) 4/19(+3)
Prunus choreiana 4/02 4/16(+14) 4/19(+3) 4/23 5/11(+18) 4/24(-17)
Caragana koreana 4/23 4/16(-7) 4/19(+3) 5/2 4/29(-15) 4/30(+1)
Forsythia saxatilis 4/02 4/16(+14) 4/19(+3) 4/23 4/29(+6) -
Syringa patula var. kamibayshii 4/02 4/08(+6) 4/04(-4) 5/14 4/26(-18) 4/19(-7)
Unchi-ri
Salix caprea 3/18 4/08(+21) 4/19(+11) 4/23 4/29(+6) 4/30(+1)
Betula schmidtii 4/23 4/29(+6) 4/19(-10) 5/14 5/08(-6) 4/30(-8)
Celtis aurantiaca 4/23 4/29(+6) - 5/14 5/14(0) 4/25(-19)
Ulmus macrocarpa 4/23 4/29(+6) 4/19(-10) - 5/07 4/30(-7)
Deutzia grandiflora var. baroniana 4/23 4/16(-7) 4/19(+3) 5/14 4/29(-15) 4/30(+1)
Spiraea chinensis 4/23 4/29(+6) 4/19(-10) 5/14 5/14(0) 4/30(-14)
Rhododendron mucronulatum 4/02 4/16(+14) 4/19(+3) 4/26 4/29(+3) 4/25(-4)
Lonicera praeflorens 3/10 4/08(+29) 4/04(-4) 4/23 4/29(+6) 4/19(-10)
*Values in the parentheses are differences between the preceding and the following year.
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S. patula var. kamibayshii on October 9. Starting from
October 9, C. aurantiaca, B. schmidtii, and R. mucronulatum
were observed in Unchi-ri. On October 22, S. caprea and S.
chinensis were observed to be finish their phases of autumn
leaves latest. Compared to the results since 2010, S. patula
var. kamibayshii was 24 days later in 2011, whereas it was
3 days earlier in 2012. R. komarovi was 10 days in 2011 and
22 days in 2012 earlier. Compared to the result in 2009, R.
mucronulatum was about 1 month earlier in 2010 and about
2 months earlier in 2011. In 2011, R. komarovi, S. caprea,
C. aurantiaca, and L. praeflorens showed earlier autumn
leaves than in 2010. This early phase of autumn leaves
might result from the fact that the average temperature in
the early October (10.19) was lower than that in the mid-
October in 2010 (12.41) and in 2009 (10.28). When it
comes to S. patula var. kamibayshii, its phase of autumn
leaves were similar to that in 2011 and 2012. However, it
was different from the phase in 2010. This difference might
be influenced by other factors such as ground temperature,
humidity, and amount of solar radiation, instead of
temperature. In light of this, it needs further consideration.
The phase of >90% fallen leaves started by P. choreiana
on September 20, followed by S. patula var. kamibayshii, F.
saxatilis, L. praeflorens and B. schmidtii on October 22,
and by other species on November 16~20 (Table 4).
The result from 2010 indicates that the phase of C.
koreana, S. patula var. kamibayshii, and R. komarovi in
2012 was the similar to that in 2010. The phases of fallen
leaves for P. choreiana, F. saxatilis and L. praeflorens were
getting the phases earlier gradually than the previous year.
The phase of fallen leaves in 2012 might be physically
affected by heavy rainfall and typhoons in summer. The
loss of appendage of target species due to the insect feeding
might adversely affect the accurate estimation of phases for
the phenological monitoring.
Flower bud burst and flowering
The phases of flower bud burst in 2012 were April 4 (S.
caprea and L. praeflorens), April 19 (R. mucronulatum, D.
grandiflora var. baroniana and P. choreiana), and May 17
(C. koreana and S. patula var. kamibayshii). R.
mucronulatum showed both flower bud burst and flowering
on March 19. Its initial phase of flower bud burst was
expected to be earlier (Table 5).
Compared to the result of Yeotan-ri in 2010, the flower
bud burst phase was observed to be 7~57 earlier in 2011.
However, the result in 2012 showed that the flower bud
burst of P. choreiana was started about 3 days later. The
result in Unchi-ri showed that the flower bud burst phases
for R. mucronulatum was started gradually late. S. caprea
was 4 days earlier and D. grandiflora var. baroniana was
10 days earlier for the flower bud burst phase. 
The flowering phases in 2012 were April 10 (L.
praeflorens), April 19 (S. caprea, R. komarovi, and F.
saxatilis), April 24 (R. mucronulatum), and April 30 (D.
grandiflora var. baroniana). The phenological changes for
the phase of flowering were difficult for C. koreana and S.
patula var. kamibayshii (May 26) due to their immaturity of
flower buds and short period of flowering.
Compared to the result in 2011, the flowering phase for
S. caprea was initiated 3 days later in 2012, whereas the
flowering phase for D. grandiflora var. baroniana and S.
chinensis was 15 days earlier in average. The phase for S.
patula var. kamibayshii was 6 days later in 2011 than
before, whereas it became to be 7 days earlier in 2012. The
phase for F. saxatilis was 7 days earlier in 2011 than before,
whereas its phase in 2012 was observed to be 3 days later.
The phase for R. komarovi was also 3 days later in 2012
than in 2011. The flowering phase for R. mucronulatum in
Unchi-ri was 6 days later in 2011 than 2010. In 2012, it was
11 days later than in 2011. This result might be influenced
Table 4. Phenological monitoring results of autumn leaves and fallen leaves from 2009 to 2012 (Unit : month/day)
Site Species
Date of autumn leaves (>90%) Date of fallen leaves (>90%)
2009 2010 2011 2012 2009 2010 2011 2012
Yeotan-ri
Ribes komarovi - 10/22 10/12(-10) 9/20(-22) - 11/18 11/08(-10) 11/16(+8)
Prunus choreiana - - - 9/05 - 10/22 9/22(-30) 9/20(-2)
Caragana koreana - 10/22 - - - 11/18 11/08(-10) 11/16(+8)
Forsythia saxatilis - 10/22 - 9/20 - 11/18 11/08(-10) 10/22(-17)
Syringa patula var. kamibayshii - 9/18 10/12(+24) 10/09(-3) - 10/22 11/08(+17) 10/22(-17)
Unchi-ri
Salix caprea 10/22 10/22(0) 10/12(-10) 10/22(+10) 11/05 11/18(+13) 11/08(-10) 11/20(+12)
Betula schmidtii 10/22 10/22(0) - 10/09 11/05 11/18(+13) 11/08(-10) 10/22(-17)
Celtis aurantiaca - 10/22 10/12(-10) 10/09(-3) 11/05 11/18(+13) 11/08(-10) 11/20(+12)
Ulmus macrocarpa - 10/22 - - 11/05 10/22(-14) 11/08(+17) 11/20(+12)
Deutzia grandiflora var. baroniana 10/15 10/22(+7) - - 11/05 11/18(+13) 11/19(+1) 11/20(+1)
Spiraea chinensis 10/22 10/22(0) - 10/22 11/05 11/18(+13) 11/08(-10) 11/20(+12)
Rhododendron mucronulatum. 10/22 10/22(0) 10/20(-2) 10/09(-11) 11/05 11/08(+3) 11/19(+10) 11/20(+1)
Lonicera praeflorens 10/22 10/22(0) 10/12(-10) - 11/05 11/18(+13) 11/08(-10) 10/22(-17)
*Values in the parentheses are differences between the preceding and the following year.
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by the temperature between winter and spring (Romberger
1993, Samish 1954, Vegis 1964). Such influence similarly
caused R. mucronulatum, which is wild plant in Youngnam
area, to be flowered in May (Shin 2012).
The date of the falling of blossoms and fruit
The date of the falling of blossoms (>90%) in 2012 ranged
from March 19 for L. praeflorens, April 30 for R. komarovi,
P. choreiana, F. saxatilis, R. mucronulatum, S. caprea, May
17 for D. grandiflora var. baroniana, and June 7 for S.
patula var. kamibayshii (Table 6).
Compared to the research results between 2011 and
2012, the phases of falling of blossoms for R. komarovi, P.
choreiana, and F. saxatilis were about 14 days later,
whereas the phase for S. patula var. kamibayshii was 21
days earlier. Except for S. caprea, most of target species
were confirmed to start their phases of falling of blossoms
10~33 days earlier. Also, the period from flower bud burst
to flowering became short.
The investigation of fruit maturity was conducted to the
species which did not have any loss caused by damages
from insects and typhoons and which could be replaced
with nearby individuals. The first phase of fruit maturity
was initiated on May 17 (S. caprea and L. praeflorens),
followed by June 20 (S. chinensis and S. patula var.
kamibayshii), July 3 (D. grandiflora var. baroniana, P.
choreiana, and R. mucronulatum), August 1 (F. saxatilis
and C. koreana), and September 5 (R. komarovi).
Comparing the result in 2011 to that in 2012, there was
difference in the loss of fruits and its phase; however, the
phase for S. chinensis was 33 days earlier.
Discussion
The phenology of plants indicates not only the distribution
and abundance of plants but also the diverse phenological
responses with regard to various perspectives on the climate
changes (Parmesan, 2006). Moreover, it plays a significant
Table 5. Phenological monitoring results of flower bud burst and flowering from 2009 to 2012 (Unit: month/day)
Site Species
Date of flower bud burst Date of flowering (>50%)
2009 2010 2011 2012 2009 2010 2011 2012
Yeotan-ri
Ribes komarovi - 4/23 - - - - 4/16 4/19(+3)
Prunus choreiana - 4/23 4/16(-7) 4/19(+3) - - 4/29 -
Caragana koreana - 5/27 5/20(-7) - - - - 5/26
Forsythia saxatilis - - 4/08 4/04(-4) - 4/23 4/16(-7) 4/19(+3)
Syringa patula var. kamibayshii - 6/25 4/29(-57) - - 5/27 6/02(+6) 5/26(-7)
Unchi-ri
Salix caprea - - 4/08 4/04(-4) - - 4/16 4/19(+3)
Betula schmidtii - - - - - - - -
Celtis aurantiaca - 5/14 4/16(-28) - - - 4/29 -
Ulmus macrocarpa - - - - - - - -
Deutzia grandiflora var. baroniana - - 4/29 4/19(-10) - 5/14 5/14(0) 4/30(-14)
Spiraea chinensis - 5/14 5/20(+6) - - 5/27 6/02(+6) 5/17(-16)
Rhododendron mucronulatum. - 4/02 4/08(+6) 4/19(+11) - 4/23 4/16(-7) -
Lonicera praeflorens - 4/02 4/08(+6) 4/04(-4) - - 4/08 4/10(+2)
*Values in the parentheses are differences between the preceding and the following year.
Table 6. Phenological monitoring results of the falling of blossoms and fruit from 2009 to 2012 (Unit: month/day)
Site Species
Date of the falling of blossoms (>90%) Date of fruit (Maturity3)
2009 2010 2011 2012 2009 2010 2011 2012
Yeotan-ri
Ribes komarovi - 5/14 5/14(0) 4/30(-14) - 8/06 loss of fruit 9/05
Prunus choreiana - 5/14 5/14(0) 4/30(-14) - 7/31 7/26(-5) 7/03(-23)
Caragana koreana - 6/25 6/28(+3) 6/07(-21) - - loss of fruit 8/01
Forsythia saxatilis - - 5/14 4/30(-14) - 9/18 9/22(+4) 8/01(-52)
Syringa patula var. kamibayshii - 6/25 6/28(+3) 6/07(-21) - loss of fruit 9/22 6/20(-94)
Unchi-ri
Salix caprea - - 4/29 4/30(+1) - - loss of fruit 5/17
Betula schmidtii - - - - - - - -
Celtis aurantiaca - - 5/14 - - 8/6 8/21(+15) damage
Ulmus macrocarpa - - - - - - 6/02 -
Deutzia grandiflora var. baroniana - 5/27 6/02(+6) 5/17(-16) 10/15 11/18(+34) 11/08(-10) 7/03(-128)
Spiraea chinensis - 6/25 6/28(+3) 5/26(-33) 6/28 9/18(+82) loss of fruit 6/20
Rhododendron mucronulatum. - 5/14 5/14(0) 4/30(-14) 10/15 10/22(+7) 10/12(-10) 7/03(-101)
Lonicera praeflorens - - 4/29 4/19(-10) - 5/27 6/02(+6) 5/17(-16)
*Values in the parentheses are differences between the preceding and the following year.
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role as potential habitats and refuges for the plants in the
northern hemisphere (Kong et al., 2011; Kong et al., 2012).
Recently, however, the risk of losing the original form of
wind-holes and ecosystem has been increased due to the
unawareness of significance of plants in wind-holes.
Particularly, because of the micrometeorological phenomena
of wind-holes which maintain low temperature in summer,
the criteria for evaluating the climate change is required for
the northern hemisphere plants which are sensitive to high
temperature. Unchi-ri wind-holes are the places frequently
visited by the people in the local community and tourists in
summer. 13 individuals of plants were selected and have
been monitored in Unchi-ri wind-holes. The phenology was
monitored between October 15, 2009 to November 20,
2012. Compared to the result in 2010, the phase of winter
bud burst in April was 1~3 week(s) later, whereas the phase
of leaf out between April and May was 1~2 week(s) earlier.
The flowering of R. mucronulatum was 1 week earlier.
Even between September and November when the phases
of fallen leaves of target species frequently occurred, the
phase of flowering was observed to be earlier, compared to
the phase in 2010. The result of climate analysis showed
that the monthly average temperatures in March, 2012
(2.51) and in March, 2011 (1.99) were lower than that in
March, 2010 (3.32). Even though the climate data for 3
years might be insufficient to analyze the phenology of
plants, the changes of phases with regard to autumn leaves,
fallen leaves, and fruit abscission seem to be influenced by
the drastic changes of temperature between 2011 and 2012
and the intensive rainfall.
Yeotan-ri, as habitat of C. koreana, is located at the verge
of mountain forest close to Deoksanki valley which tourists
visit frequently in summer. In Yeotan-ri where valleys and
steep sloped talus are developed, five index species including
Ribes komarovi Pojark, Prunus choreiana H. T. Im are
selected and they have been monitored. The phenology has
been monitored from October 8, 2009 to November 20,
2012. Compared to the result in 2010, there was no significant
difference in the phases of leaf out and flowering. Except
for F. saxatilis and C. koreana, however, the phase of
autumn leaves was 1 month earlier. All researched species
showed that their phases of fallen leaves became earlier.
With regard to the phase of fruit and its maturity, most
researched species showed their phases became earlier. The
phase of fruit maturity was observed to become early for
most species. However, this might be affected by the
feeding effect due to the abnormal high-temperature in
spring and the larvae in early summer (e.g., G. molosta and
S. lotura et al.). Moreover, the phases of fruit abscission
became 81~101 earlier for R. mucronulatum and 128 days
earlier for D. grandiflora var. baroniana. This result might
be influenced by the damages from insects and intensive
rainfall. It needs further investigation to find out more
accurate factors through consistent monitoring process.
In foreign countries such as Europe, US, and China, the
phenological observation network has been well-constructed.
Korea, however, has yet been short of structured observation
data for the phenology of diverse plants. Given that the
phenology of plants for autochthon in wind-holes is
consistently monitored, the phenology of plants of wind-
holes for climate change can be apparently discovered.
Furthermore, based on the diverse information sources, the
rich data base of monitoring can be developed. Given the
development of the long-term data regarding climate and
phenology of plants, the collected data can be evaluated
through systematic data collection and analysis.
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<Appendix> Average temperature for 10 days in Yeotan-ri wind-holes and Unchi-ri wind-holes, Jeongeon.
A: Yeotan-ri wind-holes, B: Unchi-ri wind-holes
